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SINULTANEZOUS CC AND CO, LASER

ABSTRACT OF THE DISCLOSURE

A gas laser having two different and simultaneous discharge
cooling temperatures of spproxinately 77°K and 300%K and a prerixed
flowing gaseous mixture of helium. air, and carbon monoxide, with
pressure ratios of approximately 21-3-1 respectively at a total
pressure of appreximstely 10 torr, provides laser radiatiovn from
tue CO molecules at approxinmately 5 microns wavelength and simul-
taneous laser radiation from the co, molecules, formed in the laser
tube by CO dissociz.ion oxidetion in the éc dischargo, at approxi-

mately 10.6 nickﬁncrvivelonqth.

/

RIGHTS OF THE QOVERNMENT
The Govezament of the United States has at least & nonexclusive,
irrsvocable, royalty-free licemse in the invention descxibed herein

with power to grant licenses for all goveranmental purposes.

BACKGROUND OF THE_INVENTIGN

The field of the invention is in the gaseous laser art.

Prior art lasers sirmultancously lasing at two different frequen-
clies »re disclosed in patent numbers 3,704,428 to patentewss Barry
at al ané 3,772,609 to patentaows Willett et al. A cypical prior
art roon temperature CuU laser is disclosed in pateat numoer 3,761,838
to patentecs Bhaumik at al. Additicnal discussion of this present
{nvention may be found in the ITFL Journal of (Quantum Llectronics,

Yol. QE-9, tlo. 7, July 1973 a* pages 779 and 780.




SUMMARY OF THE INVENTION

The invention is a gas laser simultanecusly lasing CC ard °°z
molecules providing simultanaocus laser radiation at outpu’. .rave-~
lengths in the ranges of approximately 5.2 to 5.9 ym anu ‘.6 to 10.6
un respectively.

BRIE? DESCRIPTION OF THE DRAWING

The single figure in the drawing rhows a schematic 'lz2gram of

a typical embodiment of the invention.

DESCRIPTION OF PHE PRETVERREL EMBODINING

In the representative embodiment of the inventior shown in the
drawing, the gases !le, air, and CO are premixed in ¢ w mixing

chamber 1l #nd then introduced direct:ly inteo the lassr qas cavity.

The laser gas cavity is segmen:ad into two parts 22 and 13, foth
seguents are composed of conventional double~wallcd glass diascharqge
tubes. In a particular erbodirent, gas chamber tubes 12 and 13
have an internal diametsxr of approximately ons {ach. They ave
coupled together with a conventional Verian flango 14. The cooling
chambers 23 and 25 “ave outside walls approximately four inches in
diameter. Varian flanges 15 and 16 also are used to couple to the
tuke sections 17 anc¢ 1§ which provide for the gas inlet from tube
12 and the gas outlet thiough tube 20. These short tube sections
17 and 1lé also contain the conventional MaCl Drewster windows 21

and 22 which terminate the laser Jdischarge tui.> and provide optical
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transaission. In this enbodiment the distance frem ome Brewster
windew to tbe othexr ferms 2 gas ocavity having & tetal length of
spproximately 251 em. The right-haasd ¢as tube segment 12 has &
leagth batveen ths Variam flanges ié¢ and 1% of approximately 92 cx.
It is ococcled by )iquid nitregen detwedn the walls ferming the eham-
ber 22 cuvrecn4iag the gas tube. The liquid nitrogen is poured
into the shamber throwgh eamtrance 24. The left-hand tube segment
13 is maintained at apprexims:cely room tewmperature by slowly flewing
roOoR temperature tap vatsr eantering the chamber 23, that surrownds
the gas Vtubo, at inlat 2¢ and exhausting to a 4rain through outlet
27. The Varian flamges 14, 15 and 16 also provide the electrical
potential elactrodas. The central jJoint Varian flange 14 is made
the systam electrical ground potential. The foregoing dimensions
are a0t critical; they are mersly rapresentative of s typical
operating embodizent.

Blectrical discharge is independently maintained in each cooled
tube megrment. The potential source 26 provides the electrical
energy for ths glow discharge Owver the approximately %92 cm length
betwsen fleanqes 14 and 15 in the liquid-nitrogen-cooled segment and
potential scurce 27 provades the electrical snergy for the glow dis-
charge over the approxirately 25 om length Letween flangas 14 and
16 in the roox tesperature tube sagment. It has bean foun4 prefer-
akle to maintain the discharge irn the liquid nitrogen cooled segmint
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12 wiith a currcat flaw of approximately 13 ma. 7Tha surrest flew in
the Vo temperatur: segwaat is preferably approxinmately tweanty per-
oept lower in asgaitede, beiag Cypically im the 10 to 15 ma range.
Ehile the fecregeing eaumerated eurrents are generally gonsidared
to be optiminual for ths stated ¢as ratiee and tubes of the pre~
viously stated dimsasioas, they are not critical. Obviocusly, the
voltagss will vary with tube lengths, and currents with tude cross
sacticaal areas. In addition,~soms variation will also occur if
opozation is optimized with 4ifferent laser gas compositiens and
prersures than those previously stated. Conventional hish voltace
power supplies 2¢ and 27 independently provide these current flows,
Corventional hicgh voltage supplies of S to 15 kv with series preo-
tective and current limiting resistors 2% and 29 ar2 suitable poten-
tial sources. The exact voltage of the power supplies are not cri-
tical as long as they can supply the approximat. current flows pre-
vicusly indicated. Typicdl voltags values across the discharges
may vary from approximataly 1 to 2 kv depending un the ratios of
the gas constitusnts and the total gas pressures.

The optical cavity formed hetwveen the 10 m radius concave mirror
30, with a 1.6 mn centered circular hole 31, and flat mirroxr 32 {is
approximately 263 er in leagthi. Preferably both airrors are conven-
tional silvar coated or aluminum ooated wirrors for oxtinded wave-

lengtd reflectivity in the ¢perating vavelsangths. The hols~coupled

P
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optical scvity i¢ essentially nonwavelength sslective. Gemezally,
the helc-ocoupled Liypes opti il eavity is preferred, hoxswver, a par-
tially tramsparent mirror systeu, partially traasparant at the wave-
length involwed, may be used. 7The soaventional wvrezairxs contrel
system 33 maintaine a gas flow of approximately 20 licars per minuta
(15 to 2% licers per mimute is swi’adle), thirough the gas twbe.
The helium, air, and CO gasss 3{, 18 and 3§ from conventional sourcas
are premixed in ecaventional gas nixing chardber 1l tc provide partial
presaure raties of approximately 21/3/1 respectively. The total
tube pressare as indicated by gage 37 ir preferably about 10 torr.
Ia & typical operating embodiment of the invention, as set
forth in dstail in the foregyoing, the CO and C0, laser lines were
msasured and identified to he presdomineantly P-branch for hoth mols-
cules with J = 13-21 of tha v, v' = 16, 15 to 7,6 bands for CO, and
J = 16, 18, 20, 22 of the J01-102 band for coz. A total lasser power
of approximately 2 watts was gensrated vith substantially equal
pousrs for each wavelenTth region. The He~-Aixr-CO laser gas mixture
did not include Co,. The co, is formed in the Jdischarge. The
asnunt of CO, ‘ressnt, du: to the use of normal ambiont air as the
o2 sourca, is nogiigible sincs the relative CO:/CO ratio initially
i the tube (before 4Aischarge) was ssproximatoly 1073, The forma-
tion of co, in the laser tudbe 2pparently procecds by the discharge-
initiated dissocliation of the 9 and uir molecules with subsequent
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oxidation and recomdbimation to ‘orm CO, mnlecules. A reverse Yeac-
tion must occur with coz reformii.y CO, prehably in a vibrationally
exgited state. No carbon residus vas visually apparent in any
entodiments of the apparatus, imdicating that the oxidation raactions
ware essentially complete.

T™he use of ambient sir as the O, source does Mave an effect om
e laser astios by the reastions imvolving W., Ny, and the lasing
adlecules. The '2 and CO molocules acquire wid etioza: xoitation
by inelastic energy ecxchange with the discharge eleciroc.. The ¥, (V)

{1} tranafer energy to c02(000) producing COZ(OOI), anfd ceoliision-
ally sxchange amerxrgy with CO(v) forming CO(v+l) molecules. The
%,0(000) molecales cause CO,(100) aad CO,(C10) deactivation, as wall
as influencing the coz(oox) population. The amount of water vapor
present im the asbieat air source is not oritical. Any normal
variations may be dlsregarded in the operstion of the apparatus.

The mutual interaction of the He, CO, and CO, are the mein
influences to the laser action. The CO(v<§) formed Ly the discharge
electrons are modified by collisions with other CO(v) molecules.

I™he V-V energy transfer between CO molecules produces partial inver-
sions on CO(v>8), and is tha dominating reaction in the CO laser.
The CO(v) xolecules also resonantly exchanqs onerqgy with COZ(OOO)

to produce COQ(OOI) molecules. The relaxation rate of the 602(010)

lavel i3 increased by CO(v>8), thereby effectively modifying both
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lassz actieas. The mais effeet of e is to lowver the ewerxall gas
tesperature, and to influsaes the 002(001) level, but it has little
offect wpoa the CO.

The gemeration of simultanecus CO and coz laser action 1@
appareatly dua primarily to the use of a segmented laser tube with
ditferent ceoliny temperaturss. It appears that ths CO laser radia-
tioa resulted from the liquid nitrogen coecled tube segment, while
the CO, laser radiation resultec from the water coole¢ tube segment.
Laser actioa from CO alone was aci:ieved with a discharge in the
1iquid aitrogen cooled segment vhen the water cooled segment was nade
inactive (by remcval of excitation voltage), and laser zotion from
CO, alone was achisved with a discharce in the water caoled segment
with the liquid nitrogen cooled segment inactive. Thess results
are interpreted as indicating a requiremsat for significant oxidation
of CO to Coz' and tharmal optimization for each molecule.

it is bolieved that the foregoing described embodivent of the
iavention will generally be the preferred arbodiment since sinstan-
tially equal laser output occurs in the two wavelength bancs, how-
ever the following additional embodirents will be prefer:rsd whera
diffexent raties of laser powers in the twvoc bands are desired. It
has been found that simgitanecus laser action at both CO and CO,
vavelengihs (3.2 to 5.9 um and 9.6 to 10.6 us, respectively) will
occur with a single discharce through both tube ssyments, i.e.,

removing the connectioas from the cernter flange 14 and using a
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single power supply with the Varian flangus 15 and 16 as the elec-
trodes. The pelarity is not criticel. Gensrally, the negative
potential is also made the system ground. Revexsing the direction
of gas flow through the device is now preferred, taat is, the gas
flow from the mixing chamber 1l enters the watar covled tube segment
first then flcws on throvrgh the liquia nitrogen cooled segment. Iu
this embodiment tiie same total laser power, twe watts, results but
the ratio of CO2 t0 7O power is approxigately 3 tc 1. Optimum
relativs partial pressures of the Helium, air, and CO gases in this
embodiment ars approximately 16 te 1 to 1, respectively, with a
total tube pressure of sppro.l=ately 1§ torr. The optimun dc current
occurs in the range of 10 to 20 ma. Faraseters other than those
enureratac are substantially vhe saxe as in the previcus enborinent,
it was also found that co2 \0 CO laser powar ratios of approxi-
mately § €0 1 may we obtained by using a pixture of Helium, air,
and roz at pressure ratios of approximately ¢6 to 2 to 1 reeractively
witih tho gas flow entering the water coolec segwent {izst. Approxi-
mately the same total power of 7 watts was still obtained. A single
discharyu potential was used Letween flarges 1% and 1€. Tho polarity
is not criticsl. Conerally the preferred valuc of ciarrent flow {e
within the range of 10 to 20 milliamperes.
Ir the fore cine avriodimants descrited in coca.l. the .araneters

of relatine ualiw, alr, and (C (or Loz) Gas vruEsurss ; anc tube

%




currents and tube voltages, were found t¢ be optinum, However,
thess values are not critical and thay may bLe varisd substantially
and et{l] obtain laser opszation. It was xlsc found that the
¢«abod sentes would provide laser operation witnh an ac discharge
voitage. The ac discharge, howsver, is the preferxred typn of

discharge.
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